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Abstract 
The paper provides an overview of the meteorological satellite systems operated by EUMETSA T: The 
first generation of European geostationary Meteosat satellites started with the launch ofMeteosat-1 in 1977 
under the responsibility of ESA (European Space Agency). A series of seven satellites provided a 
continuous service acquiring half-hourly images in three spectral bands. Meteosat-7 is now still used for 
observing the Indian Ocean area. The advent of the first Meteosat Second Generation (MSG) satellite in 
2002, renamed to Meteosat-8 with the start of operations, marked a major step forward in terms of observing 
capability. MSG satellites take images in twelve spectral channels every 15 minutes. The operational 
products derived from MSG data provide essential information for numerical weather prediction (NWP) and 
N owcasting. The MSG system is now a dual satellite system with Meteosat-9 as prime satellite and 
Meteosat-8 providing rapid imaging services. Two more MSG satellites will be launched before the next 
generation (Meteosat Third Generation: MTG). The first polar orbiting meteorological satellite of 
EUMETSAT, named Metop-A, was launched in October 2006. Metop provides advanced observations of 
temperature and humidity profiles, wind, ozone and trace gases. The instrumentation is based on a continuity 
of known instruments and novel techniques. Notable are the hyperspectral thermal infrared observations 
with IASI (Infrared Atmospheric Sounding Interferometer) which also plays a key role for the observation of 
climate parameters and as reference instrument for satellite intercalibration . Two more Metop satellites are 
scheduled for launch. 
1. INTRODUCTION 
Operational meteorology utilizes two types 
of sateilites to provide the required information: 
Low Earth Orbiting (LEO) satellites fly at 
relatively low altitudes of around 800 kilometres 
above the Earth, mostly in polar (sun-
synchronous) orbits, and can provide information 
with higher spatial resolution. The whole surface 
of the Earth is then observed twice a day. More 
than one polar satellite, with different equatorial 
crossing times, is required for more frequent 
observations. 
Geostationary satellites (GEO) are in the 
equatorial plane at an altitude of about 36,000 
kilometres , above Earth and have the same 
revolution time as the Earth itself and therefore 
always view the same area. They can perform 
frequent imaging and are ideal to observe rapidly 
changing phenomena like clouds and water 
vapour. The disadvantage of the geostationary 
orbit is the far distance from the 
surface/atmosphere system which puts stringent 
requirements on the signal-to-noise performance 
of the instruments. 
EUMETSAT contributes to the global space-
based observing system coordinated under 
CGMS (Coordination Group for Meteorological 
Satellites) and WMO (World Meteorological 
Organisation) with both types of meteorological 
satellites namely the Meteosat series in 
geostationary orbit and the Metop satellites in a 
sun-synchronous polar orbit with an Equator 
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crossing time at 0930LST (Local Solar 
Time)( descending clock). 
2. FIRST GENERATION OF METEOSAT 
The main instrument is a multispectral 
radiometer, which provided and still provides 
image data in three spectral bands: 
0·5-0·9 µm visible band, 5 7 - 7·1 µm 
infrared water vapour (WV) absorption band, 
10·5-12·5 µm thermal infrared window (IR) 
band. 
Currently Meteosat- 7 provides an operational 
service at 57° E over the Indian Ocean. 
3. METEOSAT SECOND GENERATION 
(MSG) 
Like the first Meteosat series the MSG 
satellites are spin-stabilized, however, capable of 
greatly enhanced Earth observations. The 
satellite's 12-channel imager, known as the 
spinning enhanced visible and infrared imager 
(SEVIRI), observes the full disk of the Earth with 
an unprecedented repeat 9ycle of 15 minutes in 
12 spectral channels and improved spatial 
resolution (see Table 1). Meteosat-8 was 
launched in 2002 and Meteosat-9 followed in 
December 2005. 
The MSG programme consists of a series of 
four identical satellites, expected to provide 
observations and services over at least 15 years. 
Each satellite has an operating lifetime of seven 
years. As with the first Meteosat system, the new 
generation, starting with Meteosat-8, is a dual-
satellite service, with· one additional satellite in 
orbit, primarily as back-up and useful for rapid 
scanning, i.e. for limited latitudinal scan with a 
shorter repeat cycle. 
3.1. Earth imaging with the second 
generation of Meteosat 
The primary mission of the second-
generation Meteosat satellites is the continuous 
observation of the Earth's full disk with a multi-
spectral imager. The repeat cycle of 15 minutes 
for full-disk imaging provides multi-spectral 
observations of rapidly changing phenomena 
such as deep convection. It also provides for 
better retrieval of wind fields, which are obtained 
from the tracking of clouds and water vapour 
features and gives unprecedented capabilities to 
detect preconvective instability and the change of 
cloud microphysics with time. 
Spectral Characteristics of Channel Band Spectral Band (µm) No. (µm) for Meteosat-8 
Acen Amin Amax 
1 VIS0.6 0.635 0.56 0.71 
2 VIS0.8 0.81 0.74 0.88 
3 NIRl.6 1.64 1.50 1.78 
4 IR3.9 3.90 3.48 4.36 
5 IR6.2 6.25 5.35 7.15 
6 IR7.3 7.35 6.85 7.85 
7 IR8.7 8.70 8.30 9.1 
8 IR9.7 9.66 9.38 9.94 
9 IRl0.8 10.80 9.80 11.80 
10 IR12.0 12.00 lLOO 13.00 
11 IR13.4 13.40 12.40 14.40 
Broadband (0.4 - 1.1 
12 HRV µm) 
Table 1: Spectral characteristics of the spinning 
enhanced visible and infrared imager (SEVIRI) 
on Meteosat-8 in terms of central, minimum and 
maximum wavelength of the channels . 
The imaging is performed by utilizing the 
combination of satellite rotation and scan mirror 
stepping. The images are taken from south to 
north and east to west. The eight thermal IR and 
three solar channels have a sampling distance of 
three kilometers at nadir and scan the full disk of 
the Earth. The high-resolution visible channel 
provides images with one kilometer sampling at 
nadir. Data rate limitations confine the high-
resolution visible images to half the Earth in an 
east-west direction; however, the exact coverage 
of the Earth is programmable. The SEVIRI data 
have a 10-bit digitization and the radiometric 
performance of Meteosat-8 (see Schmetz et al., 
2002) is excellent and exceeds the specification 
by far. 
As an additional scientific payload, MSG 
satellites carry a geostationary Earth radiation budget 
(GERB) instrument (Harries et al., 2005) that 
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observes the broadband thermal infrared and solar 
radiances exiting the Earth's atmosphere. GERB 
makes accurate measurements of the shortwave and 
longwave components of the radiation budget at the 
top of the atmosphere. GERB data are of interest for 
climatological studies and also for comparison with 
and validation of weather forecast models (Allan et 
al., 2005). 
3.2. Products from Meteosat Second Generation 
The application of the second generation of 
Meteosat satellites ranges from nowcasting and short-
term forecasting to numerical weather prediction and 
climatological studies. Continuity for meteorological 
products from the first generation satellites is 
provided through products centrally derived at 
EUMETSAT. Those include inter alia atmospheric 
motion vectors (AMVs), cloud analysis (Lutz, 2000), 
and atmospheric humidity. In addition there are novel 
products such as atmospheric instability (Konig and 
de Coning, 2009) and total ozone derived over the 
entire MSG field of view. 
The instability monitoring as an important novel 
application is described here in some more detail: 
Convective systems · often develop in 
thermodynamically unstable airmasses. As the 
convective systems have the potential to develop into 
severe storm~, it is of high interest to identify the 
storm potential while the system is still in· a pre-
convective state. A number of instability indices have 
been defined to describe such situations. 
Traditionally, these indices are taken from 
temperature and humidity soundings by radiosondes. 
As radiosondes have only of very limited temporal 
and spatial availability there is a demand for satellite-
derived indices. The GII product consists of a set of 
indices which describe the layer stability of the 
atmosphere. It comprises four classic instability 
indices: i) the Lifted Index, ii) the K Index, iii) the 
KO Index, iv) the Maximum Buoyancy Index. The 
total precipitable water is added as a fifth index 
describing the airmass. 
The retrieval of these parameters from satellite data is 
only possible under cloud-free conditions. Figure 1 
depicts the Global Instability Index (GII) derived 
over Europe for 30 July 2006. It is an example of the 
Lifted Index, retrieved over 3x3 pixel areas, where 
negative values are indicative of potential instability. 
The region over central eastern Europe was on this 
particular day characterised by an unstable airmass, 
shown in yellow and red colours. White areas are 
clouds or the region outside the processing area. 
Figure l: Lifted index computed from Meteosat-8 
radiances for 30 July 2006 at 1200 UTC over central, 
Eastern Europe. Yellow and red indicates areas with 
instable airmass. 
Figure 2: Meteosat-8 channel 9 images 
corresponding to the area in Figure 1. Left panel 
at 1200 UTC and right panel at 1800 UTC when 
strong convective system had formed. 
Figure 2 is the IR window image at 1200 UTC (left 
panel) and at 1800 UTC (right panel), respectively. 
The midday image is basically cloud-free in the 
regions that are indicated as unstable in Figure 1. In 
the late afternoon at 1800 UTC we observe a strong 
storm activity. This example nicely· depicts a case 
where instability indices, as they are derived in the 
GII product, are useful to anticipate the onset of 
strong convection. 
Winds in terms of atmospheric motion vectors 
(AMVs) are the most important product from 
geostationary satellites for Numerical Weather 
Prediction (NWP) models. They are generated 
operationally by all of the operators of 
geostationary meteorological satellites. The 
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method of deriving a wind vector is in principle 
quite simple ( e.g. Schmetz et al., 1993): cloud or 
water vapour features are tracked from one image 
to the next, thereby measuring a displacement 
vector. Assuming that the displacement vector 
represents a wind and assigning the vector to the 
correct height, one obtains a wind vector. The 
basic technique can be applied to clouds in both 
infrared and visible satellite imagery, as well as 
to other tracers, such as the patterns of 
atmospheric water vapour. Quite difficult is the 
height assignment of the displacement vectors, 
which often necessitates multispectral techniques 
(Nieman et al., 1993). And last but not least 
quality control is essential in order to produce 
good AMVoroducts (Holmlund. 1998). 
Figure 3: Example of an Atmospheric Motion 
Vector (AMY) product from Meteosat-8 for 23 
February 2003. Different colours correspond to 
different altitudes. 
4. THE EUMETSAT POLAR SYSTEM 
(EPS)/METOP 
4.1. Overview 
The first satellite of the EUMETSAT Polar 
System (EPS), called Metop series, was launched 
in October 2006. Metop-A provides advanced 
observations of temperature . and humidity 
profiles, wind, ozone and other trace gases. The 
instrumentation of Metop is a judicious balance 
between continuity of known instruments and 
novel observations, notably the hyperspectral 
thermal infrared observations with an 
interferometer and radio occultation 
measurements. Metop satellites are also the 
European contribution to the space-based global 
observing system and to the joint European/US 
operational polar satellite system. Metop covers 
the mid-morning (9:30) orbit, whereas the US 
continues to cover the afternoon orbit. The three 
Metop satellites are expected to provide services 
for at least fourteen years. A detailed description 
is provided by Klaes et al. (2007). 
With eight instruments taking observations 
of the earth-atmosphere system, Metop provides 
both continuity to previous operational 
measurements and also progress through data 
from novel instruments. A VHRR (Advanced 
Very High Resolution Radiometer), and the 
Advanced TIROS (Television and Infrared 
Operational Satellite) Operational Vertical 
Sounder (ATOVS) package, composed ofHIRS-
4 (High Resolution Infrared Radiation Sounder), 
AMSU-A (Advanced Microwave Sounding Unit 
- A) and MHS (Microwave Humidity Sounder). 
MHS is a EUMETSAT development and 
replaced the AMSU-B instrument in the ATOVS 
suite, while NOAA provides the AMSU-A, 
HIRS/4 and A VHRR instruments. MHS is 
already in space since the launch ofNOAA-18 in 
May 2005. 
The IASI (Infrared Atmospheric Sounding 
Interferometer) instrument is novel technology, 
developed by CNES, and introduces 
hyperspectral resolution sounding capabilities in 
the infrared (Hebert et al., 2004). 
Some payload components have been developed 
from the heritage of proven research missions of 
the European Space Agency (ESA). One of these 
components is GOME-2 (Global Ozone 
Monitoring Experiment, Callies et al., 2000) 
building on the heritage of GOME-1, another one 
is the ASCAT (Advanced Scatterometer, 
Gelsthorpe et al., 2000), which draws on the ERS 
active microwave instrument (AMI) heritage. 
The impact of radio-occultation measurements 
like GRAS (GNSS Receiver for Atmospheric 
Sounding, von Engeln et al., 2009),-has been 
successfully demonstrated through impact studies 
in Numerical Weather Prediction (Healy, 2008). 
4.2. ATOVS 
Continuity is an important aspect to 
operational services. For nearly two decades the 
information on temperature and humidity 
soundings and surface information (including 
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clouds) for numerical weather prediction and 
other applications, has been provided by the 
ATOVS suite supported by the AVHRR imager 
for both morning and afternoon missions, on the 
NOAA satellites. The instrument suite is common 
to the two components of the Initial Joint Polar 
System (IJPS), i.e. Metop-A and the future 
Metop-B (AM satellites) and NOAA-18 and the 
NOAA-19 (PM satellites). It consists of four 
instruments, three of which are provided by 
NOAA. 
i) the High Resolution Infrared Radiation 
Sounder (HIRS/4) measures temperature and 
humidity of the global atmosphere in cloud-free 
or partly cloudy conditions and is or will be on 
Metop-A and -B. HIRS/4 is a filter-wheel 
radiometer, which measures radiances in 19 
infrared channels, and one additional channel in 
the visible. An important improvement to HIRS/4 
is the 10 km IFOV (Instantaneous Field ofView) 
in contrast to the 20 km IFOV of the previous 
HIRS version. 
ii) The Advanced Microwave Sounding 
Unit-A (AMSU-A) measures the temperature of 
the global atmosphere in nearly all weather 
conditions. AMSU-A provides microwave 
atmospheric measurements in 15 channels 
between 23.8 GHz and 89 GHz mainly for 
temperature sounding. 
iii) The Microwave Humidity Sounder 
(MHS) provides atmospheric measurements in 
five microwave channels for humidity 
measurements. MHS has been developed under 
EUMETSA T responsibility and replaces the 
previous generation AMSU-B microwave 
humidity sounder. MHS has been flying on 
NOAA-18 - and NOAA-19 which are the first 
components of the IJPS (Initial Joint Polar 
System) in space - since May 2005 and February 
2009 respectively. 
iv) The Advanced Very High Resolution 
Radiometer (AVHRR/3) is a six channel imager 
and provides globally visible, near infrared and 
infrared imagery of clouds, the ocean and land 
surface. The A VHRR data on Metop are provided 
globally at the full resolution, i.e.1.1 km at nadir. 
4.3. IASI 
The Infrared Atmospheric Sounding 
Interferometer (IASI) introduces a new 
technology to operational satellite observation. 
The purpose of IASI to measure temperature, 
water vapour and trace gases at a global scale. 
The measurement principle is based on 
Michelson interferometry providing 8461 
spectral channels, aligned in three bands between 
3.62 µm (2760 cm-I) and 15.5 µm (645 cm-1). The 
unapodised resolution is between 0.3 and 0.4 cm-
I, with a spectral sampling of 0.25 cm-I. IASI 
s.amples the earth-atmosphere system with 
instantaneous fields of views (IFOV) of 12 km at 
nadir and a sampling distance around 25 km. 
Included in the IASI instrument is an Int~grated 
Imaging System (IIS). It is used to provide the 
Earth location of the IASI pixels at 1 km 
accuracy through co-registration with the 
A VHRR pixels during the Level 1 processing. 
The mapped A VHRR information is used to 
classify inhomogeneous IASI scenes (Phillips and 
Schlussel, 2005) and to determine the cloud 
coverage within a IASI pixel. The IIS is a 
broadband radiometer sensitive between 10 and 
12 µm. 
IASI data is used in synergy with the 
microwave sounding instruments to which the 
scan is synchronized. Products include, besides 
Level 1 radiance spectra, vertical profiles of 
temperature, humidity and ozone at global scale. 
The accuracy is of the order of 1 K per 1 km layer 
for temperature and about 15% for humidity 
(Schlussel and Goldberg, 2002) which can be 
achieved throughout most of the troposphere and 
lower stratosphere, however it is currently 
difficult to obtain closer to the surface. Important 
is that IASI radiances do provide the higher 
vertical resolution required by global NWP. In 
addition, greenhouse gases such as ozone, nitrous 
oxide, carbon dioxide, and methane are retrieved 
and contribute to environmental change 
monitoring ( e.g. Turquety et al., 2004). 
Furthermore surface temperature, surface 
emissivity, and cloud characteristics are retrieved 
from IASI data. Figure 4 shows the high-
resolution spectra in terms of equivalent 
brightness temperature from the IASI 
hyperspectral sounder for tropical (red), mid 
latitude (green) and a cold arctic (blue) 
atmospheres, respectively. Measurements at such 
high spectral resolution (8461 channels) provide 
the basis for resolving the vertical structure of 
temperature and humidity in an unprecedented 
way and also offer unique opportunities for 
climate monitoring. The impact of IASI on 
Numerical Weather Prediction (NWP) is very 
positive. In fact recent work at ECMWF has 
shown the outstanding importance of the 
microwave and hyperspectral infrared soundings 
(i.e. from IASI) on the numerical forecasts. 
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Furthermore IASI, together with the AIRS 
instrument of NASA, is a reference instrument 
for the operational satellite inter-calibration 
pursued in the WMO-led Global Space-based 
Satellite Intercalibration System (GSICS); for 
details see: htto://gsics.wmo.int/ 
co 
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Figure 4: Spectra in terms of equivalent 
brightness temperature from the IASI 
hyperspectral sounder for tropical (red), mid 
latitude (green) and a cold arctic blue) 
atmospheres, respectively. 
4.4. ASCAT and GOME-2 
Two instruments on Metop have a heritage 
to missions on the ESA Earth Remote Sensing 
(ERS) Satellites, namely the Advanced 
Scatterometer (ASCAT) and the Global Ozone 
Monitoring Experiment (GOME-2). 
i) The Advanced Scatterometer (ASCAT) 
provides near-surface wind speed and direction 
over the global oceans. ASCAT is a real aperture, 
vertically polarized C-band radar. ASCAT 
doubles the coverage of the surface (compared to 
the earlier instrument on ERS) with two swaths of 
measurements, one on each side of the sub-
satellite track. 
Six ASCAT antennas illuminate the surface 
sequentially with pulses at a carrier frequency of 
5.225 GHz. The backscatter signal is measured to 
determine the Bragg scattering from the sea 
surface. Wind speed and direction are estimated 
using a model, which relates them to the 
normalised radar backscattering cross section 
( crO). The data are collected from three azimuth 
angles (45, 90 and 135 °) across both of the 550-
km wide swaths on both sides of the nadir track. 
ASCA T provides ocean surface winds at 50 km 
resolution over a 25 x 25 km2 grid along and 
across both swaths. In addition a high-resolution 
wind product is generated at 25-km horizontal 
resolution on a 12.5 x 12.5 km2 grid. 
ii) Global Ozone Monitoring Experiment 
(GOME-2) provides the possibility to monitor the 
Ozone total column and profiles and components 
related to Ozone chemistry in the Earth's 
atmosphere. The instrument on Metop profits 
from experience gained over many years of 
observation and data analysis with the GOME- I 
instrument on ERS-2. GOME-2 has an increased 
spatial sampling of 80 x 40 km2 , an increased 
Earth coverage due to increased swath width 
(1920 km), improved polarisation measurements 
(12 bands), enhanced on-board calibration 
through added white light source and increased 
spectral sampling. 
GOME-2 measures the backscattered 
UV-VIS radiation in four band between 240 and 
790 nm, at a spectral resolution between 0.25 and 
0.5 nm. The accuracy of Ozone total column and 
profiles is better than 5 % and 15 % above 30 hPa 
respectively and better than 50 % below 30 hPa 
respectively. The objective is 3 % for columns 
and 1 O % for profiles at all levels. Additional 
intended products are vertical columns of BrO, 
OClO, N0 2 and S0 2, which can be retrieved with 
accuracies better than 20 %. 
4.5 GNSS Receiver for Atmospheric 
Sounding (GRAS) 
GRAS measures the temperature of the 
upper troposphere and in the stratosphere with 
high vertical resolution in all weather conditions 
and potentially measures humidity in the 
troposphere (Klaes et al., 2007, von Engeln et al., 
2009). GRAS makes use of the OPS (Global 
Positioning System) satellite constellation. An 
occultation occurs for GRAS whenever a OPS 
satellite rises or sets over the horizon as observed 
by Metop and the ray path from its tr~nsmitter 
traverses the Earth's atmospheric limb. The 
bending angle attributable to this ray contains 
information on the refractivity and thereby on 
temperature and humidity. With more than 30 
OPS satellites, the GRAS instrument observes 
over 600 occultations per day, distributed quite 
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uniformly over the globe. 
5. CONCLUDING REMARKS 
Seven Meteosat' s of the first generation 
provided and still provide operational services 
since 1977, imaging the full disk of the Earth 
every 30 minutes in three spectral bands. With 
Meteosat-8 a new series of geostationary 
satellites has started. Meteosat-9 is now the prime 
MSG satellite .. MSG satellites now offer a wealth 
of new observational capabilities: The 
multispectral imaging and the high temporal 
repeat cycle benefit weather forecasting and will 
improve severe weather warning. Significant 
benefits come through the assimilation of 
products in numerical weather models and 
through improved Nowcasting applications ( e.g. 
Menzel et al., 1998): Four Meteosat satellites of 
the second generation are foreseen to cover 
operational services until 2016 and beyond. Then 
the first Meteosat third generation satellite is 
expected to be launched. 
The EUMETSAT Polar System (EP"S) with the 
Metop satellites, developed jointly with the 
European Space Agency (ESA) and CNES, and 
had its first launch in October 2006. It 
establishes the European contribution to the 
global polar meteorological space observing 
capabilities. The Metop satellites form together 
with the NOAA (and in the future the NPOESS 
(National Polar Orbiting Environmental Satellite 
System)) satellites a joint polar system, with 
Metop serving the morning orbit around 0930h 
and the US satellites the 1330h Equator crossing 
time. Metop provides on the one hand continuity 
to current systems, through continuation of the 
proven ATOVS instrument suite and the A VHRR 
imager, on the other hand it includes novel 
capabilities, like IASI which provides high 
spectral resolution sounding and radiances very 
beneficial to NWP. Furthermore IASI has a high 
potential for climate monit9ring because of its 
high spectral resolution, good calibration and 
good instrument characterisation; it is also a 
reference instrument for GSICS (Global Space-
Based Intercalibration System). Instruments with 
heritage from ESA Earth observation missions 
(ASCAT and GOME-2) are utilised operationally 
and provide sea surface winds and soil moisture 
and ozone, aerosol and trace gas products, 
respectively. With GRAS the radio occultation 
principle is introduced for the first time into an 
operational satellite system and demonstrates the 
capability to provide high quality soundings in 
near real time from radiooccultation (von Engeln 
et al., 2009).The Metop satellites will provide 
more than 15 years of operations. They assure 
long-term and consistent observations that 
provide a sustained basis for improved utilization 
in NWP. Furthermore it is a key element for a 
sustained global climate-monitoring from 
satellite. 
For details on 
information the 
www.eumetsat.int 
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